
TOMMUNI IN AN ONLI QADININ 
US010013082B2 

( 12 ) United States Patent 
Schecter 

( 10 ) Patent No . : US 10 , 013 , 082 B2 
( 45 ) Date of Patent : Jul . 3 , 2018 

( 56 ) References Cited ( 54 ) OPERATING SYSTEM WITH HAPTIC 
INTERFACE FOR MINIMALLY INVASIVE , 
HAND - HELD SURGICAL INSTRUMENT U . S . PATENT DOCUMENTS 

( 71 ) Applicant : Stuart 0 . Schecter , Great Neck , NY 
( US ) 

3 , 184 , 842 A 
4 , 019 , 073 A 

5 / 1965 Nicholas 
4 / 1977 Vishnevsky et al . 

( Continued ) 
( 72 ) Inventor : Stuart O . Schecter , Great Neck , NY 

( US ) 
FOREIGN PATENT DOCUMENTS 

EP 
KR ( 73 ) Assignee : Stuart Schecter , LLC , Great Neck , NY 

( US ) 

0970663 AL 1 / 2000 
20110004401 A 1 / 2011 

( Continued ) 

( * ) Notice : OTHER PUBLICATIONS Subject to any disclaimer , the term of this 
patent is extended or adjusted under 35 
U . S . C . 154 ( b ) by 1067 days . U . S . Appl . No . 61 / 628 , 551 , filed Nov . 2 , 2011 . 

( Continued ) 
( 21 ) Appl . No . : 13 / 837 , 132 
( 22 ) Filed : Mar . 15 , 2013 

Primary Examiner — Ilana Spar 
Assistant Examiner — Nguyen H Truong 
( 74 ) Attorney , Agent , or Firm — Patterson Thuente 
Pedersen , P . A . ( 65 ) Prior Publication Data 

US 2013 / 0321262 A1 Dec . 5 , 2013 

Related U . S . Application Data 
( 60 ) Provisional application No . 61 / 655 , 804 , filed on Jun . 

5 , 2012 . 

( 51 ) Int . Ci . 
G06F 3 / 041 ( 2006 . 01 ) 
G06F 3 / 01 ( 2006 . 01 ) 

( Continued ) 
( 52 ) U . S . CI . 

CPC . . . . . . . . . . . . G06F 3 / 041 ( 2013 . 01 ) ; A61B 5 / 7455 
( 2013 . 01 ) ; A61B 34 / 76 ( 2016 . 02 ) ; G06F 3 / 016 

( 2013 . 01 ) ; 
( Continued ) 

( 58 ) Field of Classification Search 
CPC . . . . . . . . . . . A61B 17 / 00 ; A61B 34 / 76 ; A61B 5 / 00 ; 

A61B 5 / 05 ; A61B 5 / 11 ; GO9G 5 / 00 ; 
GO9G 5 / 08 ; A61M 25 / 00 ; A61M 25 / 01 

See application file for complete search history . 

( 57 ) ABSTRACT 
A haptic system for a minimally invasive , hand - held surgical 
instrument and the system ' s various parts including a 
graphical user haptic interface , one or more haptic interfaces 
associated with a hand - held handle used to control a sen 
sorized end - effector of the surgical instrument or inserted 
catheters , associated hardware , and an operating system . 
The system enables users to acquire , read , modify , store , 
write , and download sensor - acquired data in real time . The 
system can provide : an open , universally compatible plat 
form capable of sensing or acquiring physiological signals / 
data in any format ; processing of the sensor acquired data 
within an operating system , and outputting the processed 
signals to hardware which generates tangible sensations via 
one or more haptic interfaces . These tangible sensations can 
be modified by the user in real time as the system ensures the 
temporal relationship of sensed fiducial events are not 
altered or shifted relative to the generated and displayed 
haptic signals . 
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OPERATING SYSTEM WITH HAPTIC Simplified tactile haptic interface devices have long been 
INTERFACE FOR MINIMALLY INVASIVE , used in game controllers . In the context of the medical field , 
HAND - HELD SURGICAL INSTRUMENT haptic technology has been used principally to simulate 

medical procedures in the virtual world , for example , for 
The present application claims the benefit of U . S . Provi - 5 teaching purposes . 

sional Application No . 61 / 655 , 804 entitled OPERATING In some cases , medical companies have implemented 
SYSTEM WITH HAPTIC INTERFACE FOR MINI - haptic feedback systems that provide notification signals and 
MALLY INVASIVE , HAND - HELD SURGICAL INSTRU - vibrotactile sensations as an alert when too much force is 
MENT and filed Jun . 5 , 2012 , which is incorporated herein applied or to direct a user controlling robotic and tele 
in its entirety by reference . 10 surgical operative systems . However , these systems do not 

provide the operator with tangible sensations that are physi 
FIELD OF THE INVENTION ologically relevant , nor do they provide a corresponding 

visual user interface that conveys such tactile information 
The inventions herein relate to operating and control while providing a means for the operator to control their 

systems and methods for a minimally invasive , hand - held 15 interaction and experience with the haptic interface and 
surgical interface . More particularly , the present inventions inserted instrumentation . 
relate to various embodiments that allow a user to control the Prior work of the present inventor , Dr . Stuart O . Schecter , 
position and functioning of an end - effector of a minimally in the area of haptics includes : U . S . Pat . No . 7 , 963 , 925 , 
invasive , hand - held surgical instrument while sensing organ entitled “ Method and Apparatus for Defining the Effect of 
characteristics , motion of moving biological organs , char - 20 Atrial Arrhythmias on Cardiac Performance And Directing 
acteristics of blood flow , and physiologically relevant prop - Therapy Using a Plurality of Intrinsically and Extrinsically 
erties of biological tissues . Moreover , the present invention Derived Signals , ” which discloses a catheter with a sensor 
enables the user to control his or her own interactive and handle arrangement that provides real - time , propor 
experience ( user programmability ) through haptic and tional haptic feedback , U . S . Pat . Pub . No . 2009 - 0030332 
graphical user interfaces while performing diagnostic and 25 A1 , entitled “ Microfabricated Cardiac Sensor with Tactile 
therapeutic interventions . Some such interventions may Feedback and Method and Apparatus for Calibrating the 
include cardiac catheterization , therapeutic delivery of endo - Same Using a Plurality of Signals , ” and U . S . Pat . Pub . No . 
vascular or coronary stents , electrophysiology / ablation pro - 2010 - 0312129 A1 , entitled “ Cardiovascular Haptic Handle 
cedures , deployment or extraction of pacing or defibrillation System . ” 
leads and electrodes , delivery of devices for left atrial 30 While these patents and applications provide new and 
appendage closure , transeptal puncture , and valvular novel systems and methods for minimally invasive , hand 
replacement or repair . In some embodiments , user based held surgical interfaces with haptic feedback , it would be 
modifications are implemented to formulate and define desirable to provide improvements that can allow a user to 
specific haptic formats that can be chosen as a default haptic monitor and control his or her own interactive experience 
interface from a list of optional settings which do not affect 35 through haptic and graphical user interfaces during diagnos 
the timing of salient sensed signals . tic and therapeutic interventions . 

BACKGROUND OF THE INVENTION SUMMARY OF THE INVENTION 
In the relatively brief history of minimally invasive sur - 40 Embodiments of the present invention relate to an inte 

gery ( MIS ) and percutaneous procedures , the clinician has grated , haptic system for a minimally invasive , hand - held 
always been at a relative disadvantage with regard to ana - surgical instrument that can include a graphical user haptic 
tomical visibility and real - time tactile feedback . As a result , interface ( GUHI ) , one or more haptic interfaces associated 
such MIS procedures typically require one or more extra with a hand - held handle used to control a sensorized end 
incisions to accommodate a camera or endoscope to facili - 45 effector of the surgical instrument or inserted catheters , and 
tate the success of the procedure . The additional incisions associated hardware and operating system . Various embodi 
and apparatus deployed into a patient can cause unwarranted ments enable users to acquire , read , modify , store , write , and 
issues that ideally would be minimized if possible and do not download sensor acquired data in real time , and can provide : 
provide for touch feedback . Procedures done with MIS or an open , universally compatible platform capable of sensing 
via percutaneous approaches do not enable the operator to 50 or acquiring physiological signals / data ( referred to as sensor 
tactually appreciate relevant physiological information upon acquired data ) in any format ; processing of the sensor 
instrument contact with biological tissues and blood . Fur - acquired data within an operating system ; and output of 
thermore , there is no available means for controlling the processed signals to hardware which generates tangible 
methods for data acquisition , data processing or the modes sensations via one or more haptic interfaces . These tangible 
for presenting such data to the user via a haptic interface . 55 sensations are able to be modified by the user in real time via 
Accordingly , the ability to convey information and control a the GUHI , while the system ensures that the temporal 
user ' s interactive experience through a haptic interface relationship of sensed fiducial events are not altered or 
while operating surgical instruments and diagnostic devices shifted relative to the generated and displayed haptic signals . 
through a common control and user interface arrangement is In various embodiments , the GUHI communicates with 
desirable . 60 the operator using a symbolic language descriptive of bio 
One approach to a common control user interface for MIS logical tissues physical properties and the characteristics of 

surgical instruments utilizes some form of haptic or tactile motors and actuators that constitute the interactive compo 
feedback technology . Currently available haptic technolo nents of one or more haptic interfaces ( e . g . , haptic handle ) . 
gies include , for example , programmable haptic keyboards , In one embodiment , the GUHI is a touch screen interface 
augmented mice , trackballs , joysticks , multi - dimensional 65 ( e . g . , as a glass display upon a hand - held handle ) which can 
point and probe - based interactions , exoskeletons , vibro - provide haptic signals to the user and is thus an active 
tactor arrays , gloves , and isometric devices . display with touch and / or force feedback that programs the 
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one or more haptic interfaces ( e . g . , hand - held controller / Embodiments of the invention can include a haptic handle 
handle ) . The GUHI can include haptic signals that confirm interface with both a palm facing haptic element and a 
programming ( e . g . , palpable click ) and provide additional non - palm facing haptic element . In other embodiments , one 
sensor feedback that is descriptive of the events occurring in or more haptic elements are provided in a handle that is 
the haptic interfaces in real time ( e . g . , Vibrotactile feedback , 5 adapted to be held in one hand and at least another haptic 
haptic rendering of physiologic events , audible and visual element is provided associated with a shaft of a catheter or 
cues ) . The haptic interface ( s ) is at least and preferably in the inserted surgical instrumentation and adapted to be held in 
form of a hand - held handle connected to an elongated the other hand . 
member used to perform surgical procedures and in a One embodiment of the present invention is an operating 
preferred embodiment , the elongated member also generates 10 system providing user customization of a haptic handle 
haptic signals . The handle , in one embodiment , not only interface . The operating system includes a computer pro 
provides haptic feedback , but also functions as a user cessor operatively coupled to a non - transitory data storage 
interface for programming purposes . medium containing instructions that when executed cause 

In various embodiments , the symbolic language commu - the computer processor to receive real time sensor acquired 
nicated by the GUHI creates a new paradigm which provides 15 data from a catheter or surgical instrument and process the 
a universal approach for describing and communicating sensor acquired data to create a plurality of processed 
haptic signals that are based on sensor acquired data in the signals . The instructions further cause the processor to 
frequency and time domains and enables a user - friendly output the plurality of processed signals to hardware con 
means for understanding , interacting with and controlling figured to recreate tangible sensations via at least one haptic 
hardware , firmware and programming software in real time . 20 handle interface and a graphical user haptic interface con 
The Operating System ( OS ) utilizes the handheld haptic figured in response to user customized programming . Fur 
interfaces that may comprise motors , actuators , and haptic ther , the instructions cause the processor to modify the 
elements . In one embodiment , these components are located processed signals in real time based on the user customized 
within a plug - in attachment that connects and functions with programming received from the graphical user haptic inter 
disposable , exteriorized equipment ( e . g . medical instrumen - 25 face without altering the temporal relationship of the real 
tation , sensorized catheter ) , and the associated hardware time sensor acquired data and the sensed physiological and 
( e . g . processors / computers ) . The plug - in attachment is ide - physical events while enabling adjustments to the tangible 
ally hermetically sealed and isolated from having contact sensations recreated on the haptic handle interface . 
with the external environment thereby protecting it from A further embodiment of the invention includes a method 
inclement conditions and exposure to bodily fluids and at the 30 for operating a system including a haptic handle with a user 
same time maintaining sterility , though in one embodiment customizable haptic handle interface , an elongate medical 
the entire unit is disposable . The plug - in attachment reflects device with sensorized distal end , and a graphical user haptic 
the inner workings of the haptic handle interface and con - interface . The method includes receiving sensor acquired 
nects with the display or GUHI enabling the user to modify data with the elongate medical device , processing the sensor 
their haptic experience to suit their personal preferences 35 acquired data to create a plurality of processed signals , and 
without altering the data ' s temporal relationship with physi - outputting the plurality of processed signals to hardware that 
ological and physical events ( e . g . time of tissue - catheter communicates tangible sensations to an operator via one or 
contact , time of onset of tissue motion during the cardiac more haptic displays on a haptic handle interface and a 
cycle ) . graphical user haptic interface . The method further includes 

In one embodiment , modification of the haptic experience 40 implementing customized programming changes received 
of a user can be accomplished in real time ( e . g . during from the graphical user haptic interface that do not alter the 
procedures ) . This can be accomplished via the GUHI that temporal relationship of sensor acquired data and associated 
can be used to modify code and program software to physiological and physical events . 
optimize system functionality for an individual operator or Another embodiment of the invention includes a method 
enable multiple operators to modify a finalized system that 45 for operating a system including a haptic handle with a user 
is optimized based on their user group ' s preferences . In customizable haptic handle interface coupled to an elongate 
some embodiments , visual icons , and secondary notations member . The method includes obtaining sensor data from 
comprise a simplified graphical format similar to that com distally located sensors on the elongate member , utilizing 
monly seen with the notations and symbols used with the sensor data to provide a haptic recreation of sensed 
musical scores and is augmented with haptic feedback that 50 information on a haptic handle interface of the haptic handle , 
reflects relevant physiological information as described in and using a graphical user interface to customize a haptic 
more detail below . A preference list consisting of default display of the haptic handle interface by permitting adjust 
options can be made available to other operators if the user m ents to one or more of the : amplitude of the tangible 
group desires . Research surveys based out of different sensations ; quality of the tangible sensations ; and subjective 
institutions can be conducted to create and identify the best 55 haptic preferences of a user ; without altering the temporal 
programs and operating system features to choose from . The relationship of the sensor data with associated physiological 
GUHI serves as a commonly used interface and communi - and physical events . 
cates with a language that enables clinicians to communicate Another embodiment of the invention includes a user 
and understand a variety of features and differing haptic interface . The user interface includes a haptic handle inter 
formats both quantitatively and qualitatively . 60 face and a graphical user haptic interface . The haptic handle 

The programmable GUHI and haptic handle interfaces interface is configured to couple with an elongate member 
provide a means to display data acquired from one or more having distally located sensors which acquire data from 
sensors and control the corresponding actions of one or more moving biological tissue . The haptic handle interface 
actuators or haptic elements within the haptic handle inter - includes at least one component that provides real time 
faces which are designed to recreate the sensor acquired 65 tangible sensations that supply haptic recreations of physi 
data . These technologies bridge the gap between sensor cal , physiological , and anatomical data . In this embodiment , 
acquired data and haptic display . the graphical user haptic interface permits user customiza 
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tion of the real time tangible sensations of the haptic handle FIG . 11d shows a piezoactuator sensor material delivery 
interface without altering the temporal relationship of the arms and a wire with piezoactuator properties positioned 
sensor data with associated physiological and physical using a deflectable sheath . 
events . FIG . 12a is a view of an end effector that can couple to 

5 an exemplary haptic - enabled handle , according to an 
BRIEF DESCRIPTION OF THE DRAWINGS embodiment of the invention . 

FIG . 12b is a view of minimally invasive operative tools 
The invention may be more completely understood in and relationships , according to an embodiment of the inven 

consideration of the following detailed description of vari - tion . 
ous embodiments of the invention in connection with the 10 FIG . 12c is a view of an end effector that can couple to an 
accompanying drawings , in which : exemplary haptic - enabled handle , according to an embodi 

FIG . 1 depicts a schematic representation of the relation ment of the invention . 
of a GUHI , and OS having a sensorized catheter coupled FIG . 12d is a view of a construct of a series / array of 
thereto , according to an embodiment of the invention . bendable piezoactuators , according to an embodiment of the 
FIGS . 2 and 3a depict a combined view of an exemplary 15 invention . 

catheter handle and a representative display of haptic feed - FIG . 13 presents a view of an end effector that can couple 
back therefrom , according to an embodiment of the inven - to an exemplary haptic - enabled handle , according to an 
tion . embodiment of the invention . 

FIG . 3b illustrates how a graphical user interface with FIG . 14 presents a view of an end effector that can couple 
haptic features conveys ( GUHI ) physiological relevant sig - 20 to an exemplary haptic - enabled handle according to the 
nals , amplitude and frequency information about tissue and disclosure , according to an embodiment of the invention . 
blood flow properties . FIG . 15 is a compound temporal view of an optional 
FIGS . 3c and 3d illustrate sensor - acquired data in real control experience for an operator illustrating velocity 

time that is input into the operating system , including sensed , velocity - displayed and displacement / position , 
pressure and force time curves , respectively . 25 according to an embodiment of the invention . 

FIG . 4 illustrates another view of a haptic - enabled medi - FIG . 16 illustrates an embodiment of the OS having Hall 
cal device handle having haptic feedback for an operator , Effect sensors / encoders and appropriate circuitry , according 
according to an embodiment of the invention . to an embodiment of the invention . 

FIG . 4a illustrates a spring - loaded piezoactuator that FIG . 17 provides an illustration of a testing system for a 
provides haptic control and mechanical control of interlock - 30 OS of FIG . 16 , according to an embodiment of the invention . 
ing catheters , according to an embodiment of the invention . 

FIG . 5 is an enlarged view of a haptic feedback - enabled DETAILED DESCRIPTION OF THE 
medical device handle that is deformable to provide addi PREFERRED EMBODIMENTS 
tional comfort and control for the operator , according to an 
embodiment of the invention . 35 The invention may be embodied in other specific forms 

FIG . 6 illustrates the motion of a longitudinal actuator without departing from the essential attributes thereof . The 
within a haptic - handle according to an exemplary embodi illustrated embodiments should be considered in all respects 
ment , according to an embodiment of the invention . as illustrative and not restrictive . 

FIG . 6a illustrates an example of haptic feedback relay to As depicted in FIG . 1 , one embodiment of the invention 
an operator via the haptic handle , according to an embodi - 40 includes a vertically integrated , haptic system 1 including a 
ment of the invention . graphical user haptic interface ( GUHI ) 2 that is an active 

FIG . 7 depicts a view of an exemplary haptic - enabled display for controlling a user ' s haptic experience , one or 
handle having optionally deformable portions , according to more haptic handle interfaces 3 in the form of a hand held 
an embodiment of the invention . handle used to control a sensorized attachment 4 , associated 

FIGS . 8 and 8a illustrate how a pair of haptic actuators 45 hardware 5 , and an operating system 6 ( OS ) that together 
disposed within a deformable haptic medical device handle enable users to acquire , read , write , modify , store , and 
can provide an operator with a sensory experience , accord - download sensor - acquired data in real time . The final pro 
ing to an embodiment of the invention . gramming changes made by any individual operator or 

FIG . 9 depicts an exemplary ‘ musical score ' type depic groups of operators can be uploaded , stored , and transmitted 
tion of haptic response from more than two haptic transduc - 50 to any other OS 7 that can also used by other users as a 
ers , according to an embodiment of the invention . default haptic format . 

FIG . 10 depicts in a compound view a relationship One application for the system is for medical diagnostic 
between the response of a deformable haptic - enabled medi - and therapeutic procedures ( e . g . , cardiac interventions ) . It 
cal device handle and a distal catheter disposed within the provides an open , universally compatible platform capable 
heart chambers of a mammal , according to an embodiment 55 of sensing or acquiring physiological signals / data ( sensor 
of the invention . acquired data ) in any format , processing of the sensor 

FIG . 11a is a compound illustration of the sensor - to acquired data within an operating system , and outputting of 
actuator relationship and a lumen having multiple lumens , processed signals to hardware which generates tangible 
according to an embodiment of the invention . sensations via one or more haptic displays . These tangible 

FIG . 11b represents the left atrial appendage ( LAA ) 60 sensations can be modified by the user in real time via the 
relation EGM activity relative to pulmonary valve ( PV ) GUHI , while the system ensures that the temporal relation 
activity in two temporal sequences having both EGM and ship of sensed fiducial events are not altered or shifted 
haptic components , according to an embodiment of the relative to the sensed haptic signals . Because of the varia 
invention . tions in sensor designs and varying nature of the sensed 

FIG . 11c represents the left atrial appendage ( LAA ) 65 signals ( e . g . force information , motion information ) , differ 
relation EGM activity similar to FIG . 11b , according to an ent methods for processing and displaying the acquired 
embodiment of the invention . data / signals are needed . Processing techniques and modes of 
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display can be automatically determined based on the nature OS are characteristic of the catheter moving from the LAA 
of the acquired signals , based on default settings pro - to the pulmonary vein and the OS would drive a different set 
grammed by the user ( e . g . , dependent on the type of pro - of actuators . Any type of symbol can be used including 
cedure being performed ) , or modified in real time using a novel signs and symbols or those commonly known by those 
GUI or GUHI to suit the individual operator ' s preferences . 5 trained in music theory ( e . g . , tempo commands , tempo 

The GUHI communicates with the operator in a symbolic signatures , clefs ) . These symbols indicate specific features 
language and serves as a user interface that controls one or of the acquired signals , the action of the actuators and 
more haptic interfaces . In one embodiment , the GUHI is a tangible sensations at the haptic display . The graphical 
touch screen interface that also provides haptic signals to the format or display is augmented with haptic feedback ( e . g . 
user and is thus an active display that programs haptic 10 vibration or other palpable effect ) that reflects relevant 
handle interfaces and also offers touch and or force feed physiological information ( e . g . , signal amplitude , cardiac 
back . The GUHI haptic signals confirm programming ( e . g . , cycle dependent frequency of tissue motion ) . 
palpable click ) and provide additional sensor feedback that The active programmable GUHI and haptic handle inter 
is descriptive of the events occurring in the haptic handle faces provide a means to display data acquired from one or 
interface in real time ( e . g . , vibrotactile feedback , haptic 15 more sensors and control the corresponding actions of one or 
rendering of physiologic events ) . The haptic interface pref - more actuators or haptic elements within the haptic handle 
erably is in form of a hand held handle connected to an interface ( s ) which are designed to recreate the sensor 
elongated member used to perform surgical procedures , acquired data . These technologies bridge the gap between 
which in one embodiment also generates haptic signals . The sensor acquired data ( sensor acquired data ) and haptic 
symbolic language communicated by the GUHI creates a 20 display . 
new paradigm which provides a universal means of describ Graphical User Haptic Interface with Surround Sound 
ing and communicating haptic signals that are based on Audio Feedback 
sensor acquired data in the frequency and time domains and A Graphical User Interface or GUI allows users to interact 
enables a user - friendly means for understanding , interacting with electronic devices using images rather than text based 
with , and controlling hardware , firmware and programming 25 commands . Two - dimensional display screens similar to that 
software in real time . known in the gaming industry utilize GUIs . Graphical icons 

The Operating System ( OS ) of various embodiments and visual indicators known as secondary notation are 
utilizes the haptic handle interfaces and can comprise one or implemented rather than typed commands or text naviga 
more of , motors , actuators and haptic elements . In one tion . In some embodiments , a HUD or heads up display 
embodiment , these components are located within a plug - in 30 provides a transparent display of vital data allowing the user 
attachment that connects and functions with disposable , to see information without looking away . 
exteriorized equipment ( e . g . medical instrumentation , sen In one embodiment of the present invention , the GUI can 
sorized catheter ) , and the associated hardware ( e . g . proces - be available in the format of a HUD with a touch screen 
sors / computers ) as depicted in FIG . 1 . The plug - in attach interface capable of acquiring commands from the user . In 
ment is ideally hermetically sealed and isolated from having 35 one embodiment of the invention , the touch screen provides 
contact with the external environment thereby protecting it tactile feedback and is a graphical user haptic interface 
from inclement conditions and exposure to bodily fluids and ( GUHI ) . Another mode of the invention is in the format of 
at the same time maintaining sterility , though in one embodi - a transparent HUD projected or superimposed on a radio 
ment the entire unit is disposable . The plug - in attachment opaque , transparent screen shield . The operator ' s controls , 
reflects the inner workings of the haptic handle interfaces 40 comfort and control haptic handle , catheter supply and 
and connects with the active haptic display or GUHI associated hardware are readily available , stored and incor 
enabling the user to modify their haptic experience to suit porated within a semi - circular console protecting the users 
their personal preferences without altering the data ' s tem - from radiation exposure , obviating the need for leaded 
poral relationship with physiological and physical events aprons and allowing for full connectivity between the opera 
( e . g . time of tissue - catheter contact , time of onset of tissue 45 tor and patient as well as full control of the operating theatre 
motion during the cardiac cycle ) . The system is designed to at the patient ' s bedside rather than using expensive tele 
optimize the time delay between the presentation of clini - robotic systems away from the patient and operating arena . 
cally relevant signals ( e . g . , of an inserted sensorized cath - Audio enhancement is provided by surround sound effects 
eter ) and the time for a user to perceive and react to tangible that are true recreations of sensed physiological impulses , 
sensations from the haptic handle . This time will depend on 50 vibrations or other sensor acquired data and serve to aug 
the mechanical characteristics of the catheter / sensor , system ment the haptic feedback providing the user with multi 
processing , haptic actuators , handle design and user expe modal sensory feedback . When the detected vibrations are 
rience . Preferably , this total time delay is less than the time within the range of human hearing ( e . g . 20 Hz - 20 kHz ) , they 
of one cardiac electrical systolic time frame . may not need to be adulterated . When the sensor data 

In some embodiments , modification of the haptic expe - 55 consists of vibrations outside of that range they can be 
rience can be accomplished in real time ( e . g . during proce - modified , rendered or transposed into an audible range ( e . g . , 
dures ) . This can be accomplished via the GUHI that can similar to conventional Doppler echocardiography equip 
modify code and program software to optimize system ment ) . In a preferred embodiment , as an inserted catheter or 
functionality for an individual operator . In some embodi - instrument courses through different anatomic sites that 
ments , visual icons , and secondary notations comprise a 60 possess different properties ( e . g . , vibrational frequencies , 
simplified graphical format similar to that commonly seen emitted sounds ) the sensed shift in sensor data is commu 
with the notations and symbols used with musical scores . By nicated to the operator in both haptic and audio formats that 
way of example , the location of notes on a staff denote pitch preserve the temporal and spatial aspects of the sensed data 
( cycle length ) and duration , note lengths relate to signal in real time all of which can be displayed by the GUHI . 
amplitude , double bar lines delineate time of transition 65 By way of example , this can be noted as a transition in 
( anatomical and / or physiological ) . For example , the GUHI palpable and audible vibratory frequency and amplitude as 
would insert a double bar line when the signals input into the the sensor at the distal end of a catheter moves from the 
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pulmonary vein where blood flow is biphasic and laminar to wireless piezoelectric sensors exist which use resonant 
the LAA where there is chaotic and erratic blood flow / tissue radiofrequency cavities to convert mechanical properties of 
motion . If the distal most aspect of the catheter is located at attached structures into electrical signal changes . Wireless 
the pulmonary veins , blood flow sensors ( e . g . , Doppler displacement sensors based on reverse design of microwave 
flowire ) acquire and input that data into the OS while a more 5 and millimeter - wave antenna arrays have recently developed 
proximally located sensor ( e . g . , strain gauge ) detects LAA for structural monitoring purposes . These types of sensors 
blood flow or tissue motion . The front aspect of the handle and similar sensor technology can be implemented to obtain 
will display an organized laminar haptic feedback from the physiologically relevant signals characteristic of tissue 
pulmonary vein while the rear aspect of the handle will motion , health , pathology , anatomy etc . 
display the more erratic signals from the LAA . Likewise , 10 In one embodiment of the GUHI , the sensor - acquired data 
audio in the front end of the operating arena will produce is visibly displayed and likewise , one or more actuators 
sound consistent with PV blood flow while audio in the rear designed to generate tangible sensations is visibly repre 
of the arena will be indicative of LAA blood flow or tissue sented ( e . g . by more than one line in a staff of a musical 
motion ( and the sound due to the mitral valve can be located score ) . Intervals , scales , steps and the like may be represen 
on the left side of the operator , etc . ) . As the sensors are 15 tative of temporal and frequency information that is based 
positioned with different orientations , the sound field will on sensor acquired data and describes the characteristics 
change and instantaneously reflect these changes simulta - ( e . g . displacement , velocity , acceleration , vector of motion , 
neously with changes in the haptic effects in a surround duration of motion ) of the actuators used to recreate the 
sound format . sensor acquired data over specified time intervals or cycle 

The GUHI format allows for secondary notation or visual 20 lengths . Sensor input to one or more processors is output to 
formal notation display of properties such as frequency , one or more actuators as described in more detail below . 
tone , pitch , position , velocity , acceleration sensor acquired In one embodiment , the GUHI automatically displays a 
data at the end of the sensor ( or end - effector ) as well as graphical representation of the sensed data and actuator 
properties at the level of the audio transmitter and actuator output and assigns which sensors ' sensed data is represented 
( s ) within a haptic handle interface ( e . g . position , velocity , 25 by which actuator ( s ) without operator commands . The sym 
acceleration ) . These data can be superimposed upon any bolic language is capable of providing a universal means of 
visual display including navigational and positioning sys - describing and communicating haptic signals that are based 
tems known by those experienced in the art . This format on sensor acquired data of tissue motion and blood flow 
provides syntax highlighting for programming code as will properties in the frequency and time domains . Haptic effects 
be described in more detail below . Likewise , control over the 30 in both the haptic handle interfaces and the GUHI can be 
amplitude and frequency response of the audio feedback can provided by actuators , electroactive polymers , piezoelectric 
be accomplished with the graphical user interface as well . components , linear resonant actuators , psychophysical hap 

Sensors tic rendering techniques , shape memory alloys , smart mate 
In various embodiments , sensors used for gathering sen - rials , smart fluids , simulated vibrotactile flow , active control 

sor - acquired data include electromagnetic ( e . g . fiberoptic 35 of vibrational frequency and amplitude , or other technolo 
laser ) , magnetic , thermal , electric ( e . g . , intracardiac signals ) , gies known by those experienced in the art . Methods for 
ultrasonic , mechanical , deformation , compliance , piezoelec - adapting and connecting haptic components as a subsystem 
tric , piezotronic , capacitive , impedance , admittance , resis - to existing catheters and catheter controllers are provided for 
tive , strain , positioning / navigational system based , micro - as described below . 
fabricated and nanosensors based sensor technologies . Nor 40 Sensor Acquired Data 
are they limited in the sense that indices that are in any way Sensor acquired data can relate to any physical , mechani 
dependent on such sensor - acquired data as part of their cal or physiological signals generated in nature that are to be 
formulation can also be implemented , in part or whole , as communicated to the user using a haptic display ( e . g . with 
sensor - acquired data . By way of example , complex imped tactile and / or force feedback ) . Examples include but are not 
ance data or other data related to catheter tip - to - tissue 45 limited to fluid flow , air flow , body movement , and physical 
interface ( used to derive the electrical coupling index ; Ensite or physiological properties . Sensor technology is not limited 
Navigational System , St . Jude Medical , CRMD ) can be in scope or spirit and includes sensors suited for the evalu 
input into the operating system for processing and output of ation of fluid dynamics ( e . g . means of detecting blood flow , 
signals used to provide haptic feedback . biofluidic flow , hydraulic conditions in a pre - defined appa 

For example , piezoelectric force sensors that detect con - 50 ratus , water flow in nature ) and non - contact sensors that use 
tact pressure along vertical and horizontal axes using oxide electric ( e . g . impedance , resistive , capacitive ) , electromag 
metal films may be utilized for the system design . In one netic , magnetic , ultrasonic or alternate technologies that can 
embodiment , this design is spring - loaded where the sensor acquire the needed data in the absence of contact and even 
material or sensor - catheter construct is flexible and able to be implemented with robotic systems such as robotic mag 
both dampen applied force and apply force to minimize risk 55 netic navigational systems that could benefit most from 
of perforation and ensure contact when the applied force is tactile feedback . Sensor acquired properties in this regard 
inadequate to make contact , respectively . Preferably the include but are not limited to indices of laminarity , turbu 
haptic interface is likewise composed of similar or the same lence , velocity , flow , inertia , pressure etc . Examples of 
material and provides a real feel of the sensor - catheter physiological properties include tissue motion ( e . g . cardiac 
construct . The haptic interface can be both actuating and / or 60 tissue motion , motion of muscles of respiration such as the 
provide haptic feedback representative of the action and diaphragm ) , intravascular blood flow and changes in blood 
reaction of the spring - loaded sensor in real time . pressure as different vessels or cardiac chambers are entered 

Other designs include a wiring structure for a tri - axial and tissue planes traversed ( e . g . , transeptal puncture ) . Pres 
piezo - resistive force sensor placed in multiple directions to sure recordings can be made with more than one transducer 
sense a contact force with respect to X and Y axes in parallel 65 or manometer , such as end - hole and side - hole manometers 
with a substrate and the Z axis perpendicular to the substrate . along the distal aspect of an inserted guiding catheter . In one 
Other sensors may include MEMS based sensors . Further , embodiment , each pressure transducer generates signals that 
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are processed in the OS and output to separate actuators at time zero and 0 . 25 seconds at which time it reaches a 
the haptic interface ( e . g . , different motors within a haptic constant velocity and acceleration = zero . The motor then 
handle housing ) . This will provide a blend of haptic effects decelerates to a complete stop at 0 . 9 secs . Rotary motor 8c 
that change as the anatomic location of each pressure begins rotation at time 0 . 4 seconds , accelerates until it 
transducer changes ( e . g . , from right to left atrium during 5 reaches and maintains a constant velocity at 0 . 5 through 1 . 2 
transeptal puncture ) and provide both temporal and spatial seconds and then stops virtually instantaneously . Rotary 
information in a haptic format . This can be performed with motor 8b rotates at a lower maximal velocity ( 30 cm / s ) than 
any sensor modality and provide similar feedback to the rotary motor 8c , which is symbolized by the smaller radius 
operator . By way of example , flow sensors can be used to of the circle . Pivot point X is located at the center of gravity 
detect an ablation catheter ' s proximity to the LAA and left 10 of the linear motor . It has an adjustable coefficient of 
upper pulmonary vein , or a stent deployment apparatus can friction , which can be mechanically or electrically modified . 
provide blood flow information on both sides of a stenosis , Thus , the linear motor rests upon a shelf that can rotate and 
or a hemodynamic index such as fractional flow reserve . is mounted with pivot point mount x on the inner casing of 
Preferably , differential haptic effects representative of the a handle . The shelf has a limited range of motion ( e . g . + / - 20 
gradient in sensed indices ( e . g . , blood flow velocity , lami - 15 degrees ) and provides additional haptic feedback to a user 
narity , amplitude , frequency ) are provided by two or more holding the handle as the combined motion of the other 
actuators along the length of the haptic interface . actuators cause the shelf to rotate . The rotational position of 

Graphical User Haptic Interface GUHI the linear motor 8a is a function of this coefficient of friction 
In one application of the GUHI , the interface provides the k and the properties of motors 8a - c . Thus , in this embodi 

operator with information about sensed data acquired from 20 ment it is not programmable , but is dependent on 8a , 86 , 8c , 
one or more sensors that sense anatomic and physiologic and k . 
properties of cardiac tissue and blood . For example , these Another example of a GUHI is provided in FIG . 3a . 
sensors acquire information about force , pressure , velocity , Linear motor 9a moves forward to position a , at 0 . 1 seconds . 
flow , acceleration and displacement , torsion , strain , texture , At this velocity it would have reached a fully forward 
deformation , strain rate , anatomy . The sensors can be posi - 25 position F ( 10 mm - top dotted line ) at 0 . 15 seconds . Thus , its 
tioned within the heart ( e . g . , contact sensors on the distal position at 0 . 1 seconds is forward at 0 . 1 / 0 . 15xF , where F = 10 
aspect of inserted catheters or instruments ) and / or outside mm . 
the heart ( e . g . , non - contact sensors , radiographic , ultrasonic , Rotary motor 9b is in a fixed position and serves as a 
electromagnetic , electric ( e . g . , impedance ) ) or inside the counter weight for motor 9c which is the same weight and 
heart , within the vasculature or other anatomic structurel 30 size ( density ) and is not represented in the GUHI . 
cavity with or without contacting tissue ( e . g . , intravascular Rotary motor 9c begins to move in a clockwise rotation 
ultrasound ) . Such data represent indices ( e . g . , of cardiac ( above line ) at time 0 . 1 secs , reaching its peak velocity at 0 . 5 
function ) in both frequency and time domains and also secs . It then rotates in a counter - clockwise rotation ( negative 
define the effect of and interaction between inserted instru - slope of line ) up until 1 second where it reaches its peak 
mentation and anatomic tissue on such indices . This data is 35 counterclockwise velocity and then abruptly rotates back to 
then processed and either stored for diagnostic purposes its starting rotational position at just after 1 second . 
and / or displayed for the user ( e . g . , visibly , haptically , audi - Each motor icon is representative of sensed data from one 
bly ) . One type of display that can be implemented is a haptic or more sensors ( sensor acquired data ) . The input to each 
display that is used to communicate the sensor - acquired data actuator can be determined simply by assigning each actua 
to the operator in real time during diagnostic ( e . g . angiog - 40 tor to an individual sensor as a default setting or having 
raphy ) and therapeutic procedures ( e . g . coronary interven - characteristic sensed signals from one or more sensor ( s ) 
tions , tissue ablation , percutaneous valve replacement / re " innervate ” an individual motor based on frequency spec 
pair ) . Other types of displays such as audio and visual trum , temporal characteristics , sensor locations and operator 
displays ( multimodal ) can be implemented as well . preference , etc . By way of example , force sensors have data 

An example of how the GUHI functions , in the context of 45 processed using admittance haptic interfaces and presented 
this application , is provided in FIG . 2 . Though the symbols a s motion information using a specified DC linear servo 
and notations used in these examples can be implemented in motor housed within a hand held haptic handle ( e . g . , sensed 
the final form of the GUHI , other means of displaying the force proportionate to motor displacement ) . The degree of 
data and providing an interface to the user are within the motor displacement is palpable as a tangible sensation in the 
scope and spirit of the invention and those detailed herein 50 hand held handle and directly relates to the sensed forces 
are presented to allow the reader to fully grasp the utility and between inserted instrumentation and contacted tissue . The 
workings of the GUHI . ratio of sensed force to linear displacement ( or velocity , 

Referring to the bottom of FIG . 2 , a linear motor 8a ( or acceleration ) can be adjusted by the operator using the 
motor “ a ” ) , a rotary motor 8b ( or motor “ b ” ) , and a rotary GUHI . Mathematical algorithms can be programmed ( e . g . , 
motor 8c ( or motor “ c ” ) are disclosed . At the top of FIG . 2 , 55 via changes in software / code ) to create haptic feedback 
the ordinate represents displacement distance for linear suitable for a given user . By way of example , an index that 
motor 8a , rotational velocity for motor 8b and / or motor 8c . is a function of one or more physical events ( e . g . , absolute 
The abscissa represents time . The linear DC brushless force , first or second differential of force waveform data , 
servomotor , 8a , moves fully forward ( line a with symbol etc . ) can be used to drive haptic actuators in part or in whole . 
100 % above line at 0 . 1 seconds ) . Its acceleration ( and 60 Simple band pass filtering can determine which signals of 
velocity ) is dictated by the time it takes to reach full a specific frequency range are directed to a specific actuator 
displacement from baseline and time zero ( e . g . 10 mm at 0 . 1 ( s ) , or more complex data acquisition and processing tech 
secs ) . The value of displacement is based on the properties niques may be used to drive one or more haptic actuators . 
of the motor which in this case = 10 mm maximal in forward This data assignment can be displayed for the operator to 
and reverse directions . Rotary motor 8b initiates rotation at 65 evaluate using a graphical interface . Signals characteristic of 
time zero and reaches maximal rotational velocity at time specific events ( e . g . vibratory signature representative of 
0 . 25 seconds . Thus , there is angular acceleration between initial catheter tissue contact ) are represented at the most 
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appropriate actuator ( e . g . haptic elements situated upon the ( tissue displacement , velocity , blood flow , velocity ) and 
catheter proper , in closest proximity to the patient ' s body those used as examples herein are purely exemplary . 
surface ) . This is discussed in more detail below . If the sensed signals are recreated at the haptic interface 

Thus , the user ' s palpable sensation ( and actuator ' s action ) ( e . g . , handle ) an equivalent sign is seen . If there is “ signifi 
can be a reflection of the baseline signal ( e . g . , real time force 5 cant ” modification of the sensed event ( haptic rendering ) 
at the tissue - catheter interface ) multiplied ( or divided , etc . ) then a delta sign is seen . If the sensed signal is force ( e . g . 
by another factor ( or constant ) such as the change in force Enclosense or BioSense Webster Smarttouch force sensor ) 
over a specified time frame ( first - order derivative at a and the degree of force is proportionate to the amount of 
pre - specified time or based on a value of a sensed parameter displacement of a linear motor ( e . g . in millimeters ) , a delta 
( e . g . , acceleration , peak derivative of force as a function of f 10 sign would be visible . The latter type of haptic rendering can 

relate to use of an admittance haptic interface or display time ) ) . Constants or other mathematical functions can be ( AHD ) in the Operating System . The input is force and the introduced to alter the relative contribution of any specific output is an index of motion such as velocity ( or its first parameter ( force or otherwise ) to the final haptic effect . integral , displacement , in this example ) . An impedance 
In one embodiment , the visual icons are on a touch screen 15 haptic display would sense tissue velocity and output force In one embodiment , the visual icons are on a touch screen 15 

and provide haptic effects to the user that are representative ( e . g . of a haptic element striking the palm ) . 
of sensed events and the tangible sensations occurring at the If an analog signal is sensed and maintained as an analog 
haptic handle interface . signal out , an AA is seen and if AD conversion occurs an 

In one embodiment of the GUHI , a circle serves as a ADC is seen in this example ) . No haptic rendering occurs 
visual representation of sensed physical events of specific 20 in this example and thus an equivalent sign is seen ( under 
regions of cardiac tissue ( e . g . left ventricular myocardial ADC in FIG . 36 ) . 
displacement , left atrial appendage tissue velocity , velocity By way or example , referring to FIG . 36 , at time 0 . 5 
of blood flow ) and conveys information about the frequency seconds , peak blood flow velocity equals 25 cm / sec . At 0 . 75 
and amplitude of tissue motion as depicted in FIG . 3b . For seconds there is a higher peak in the sensed velocity of 
example , the radius of the circular icon represents the 25 pulmonary venous blood flow ( e . g . 40 cm / sec ) , which then 
amplitude of the sensed event ( pulmonary venous blood decreases to a zero value at t = 1 second . This is palpable in 
flow velocity ) at a specific time . the handle . For example , between 0 . 5 seconds and 0 . 6 

If you touch the circle and rotate your finger about the seconds , the blood flow velocity decreases and the corre 
perimeter of the circle clockwise you will increase the radius sponding rotary ( or linear ) motor decelerates from 25 cm / s 
of the visual icon , increase the amplitude of the haptic 30 to a nadir at 0 . 6 seconds . Then as blood flow accelerates , the 
motor ’ s displacement ( or velocity , etc . ) relative to the sensed motor likewise increases in velocity , until it is moving at 40 
event , thereby controlling the amplitude of the tangible cm / sec at time 0 . 75 seconds and then decreases to a stand 
sensations indicative of specific sensed physical events . If still at time = 1 second . These time dependent changes ( i . e . , 
you rotate your finger counter clockwise you will decrease during one cardiac cycle ) in blood flow velocity are also 
the ratio between the amplitude of the haptic sensation and 35 represented in the insert image of pulmonary venous blood 
the amplitude of the sensed events . You cannot change flow as detected by Doppler ultrasound on the right side of 
where the circular icon ( secondary notation ) is along the FIG . 3b where there is an initial peak velocity of 25 cm / sec 
abscissa as you can not modify the timing of the peak and secondary peak in velocity of 40 cm / sec at the same time 
amplitude of such an event . frames . 

The amplitude of the sensed event may vary depending on 40 Some users may desire a subtle haptic effect and others 
where the sensor is located ( near or far away from the left may desire a more pronounced effect . They can modify their 
atrial appendage ) or how much force is applied ( degree of haptic experience by touching the circle on a touch screen 
contact between tissue and sensorized catheter ) but prefer - and rotating it like a volume knob . In one embodiment , a 
ably the frequency characteristics of the sensed cardiac vibratory signal is present on the touch screen that is 
tissue motion will not change ( left atrial appendage fibril - 45 indicative of a physical parameter such as tissue velocity . 
latory motion , pulmonary venous blood flow ) , nor will its Higher frequency vibration represents higher frequency tac 
location along the abscissa ( in this eg . peak velocity at time tile feedback ( haptic rendering ) . The touch screen is inter 
0 . 5 seconds ) active , allows programming of certain parameters and pro 

In this example , the cycle length of the circle ' s rotation vides haptic feedback as well , but never changes the timing 
would be equivalent to the ( variable ) cycle length of the 50 of fiducial events . The operating system maintains this 
LAA ' s contraction . Its radius would be equivalent to the temporal relationship even if there are changes in the 
velocity of the LAA tissue motion ( cm / sec ) and scaled amplitude of the tangible sensations relative to the sensed 
accordingly . The slope of line m is acceleration if the radius events . 
of the circle is velocity ( or velocity if the radius is displace - Processing 
ment ) . 55 In various embodiments , Operating System ( OS ) supports 

The user can touch the circle and reduce the amplitude of haptic recreation of sensed data is shown in FIG . 2 with an 
the haptic effect in the handle by rotating it counter clock - equivalent sign on the left side of the score . When haptic 
wise . Each interval decrease ( e . g . 1 / 8th ) would lead to a rendering techniques that do not provide recreations of true 
palpable click ( tactile feedback ) and an audible click and a sensed physical properties are used in the haptic display this 
visual decrease in the radius of the circle ( multimodal haptic 60 is represented by having a delta sign on the left side of the 
feedback ) . The scalar range of the ordinate would change in score . If both haptic recreation and rendering are applied , 
range or scale accordingly as this represents the actual or both symbols are used . As an example , the sensor - acquired 
true value of the sensed tissue velocity ( e . g . , 40 cm / s ) , while data is a measurement of force or pressure . An admittance 
the radius of the circular icon represents the palpable tan - type haptic display ( and ) can be implemented and the 
gible sensation being adjusted by the operator . Different 65 measured force is displayed as linear velocity at the level of 
icons or secondary notations would represent different hap - linear motor 8a . An example of a symbol used for this type 
tic actuators and correspond to different sensed events of processing is a delta sign with subscript ahd . Likewise , 

4 
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the sensor acquired data can be a measurement of velocity generated at the haptic handle interface as motion , strain , 
or displacement and an impedance type haptic display ( e . g . pressure , and / or force . Any type of sensor acquired data can 
force feedback ) is used and the notation would be a delta be displayed as the same ( e . g . force as force ) , or as physi 
sign with subscript ihd . As the sensor acquired data and cally different data ( e . g . force as velocity , etc ) in form of 
displayed data are maintained as proportionate and are 5 tangible sensations as will be described in more detail below . 
linearly correlated , an equivalent sign is used as well and Digital signal processing ( DSP ) techniques that are 
this is shown in FIG . 3a . Alternatively , the measurement of applied are likewise represented by specific signals . When 
pressure can be made with conventional fluid filled cath analog digital conversion is utilized an ADC is visible on the eters / manometry and not require additional sensors . This GUHI ( FIG . 3a ) . The GUHI can also have haptic features , would be particularly advantageous during procedures such 10 such that when a specific icon or graphical symbol is as transeptal puncture and in this example the symbol would touched on a touch sensitive screen one or more tangible simply be a value of pressure or pressure time curve display sensations with gradients in intensity can be generated to superimposed on the graphical user interface as illustrated in 
FIG . 3C . RA is pressure during multiple cardiac cycles when confirm that the symbol is being interacted with ( e . g . using 
a distally located pressure sensor at the end of an inserted 15 an electroactive polymer , LRA , piezoactuators ) and that an 
catheter is within the right atrium , BP reflects blunted action or programming change has occurred . By way of 
pressure when the distal portion of the catheter ( or bore example , the user can touch a Boolean icon that can modify 
tipped needle ) contacts the interatrial septum and LA reflects the haptic experience to be purely analog , digital ( ADC in 
left atrial pressure in real time . Actuators in the handle FIG . 3a ) , or a combination of both and a palpable click is 
provide a qualitatively and quantitatively similar tangible 20 appreciated when the icon is touched . 
sensation to the user when the catheter transitions from one The user in these examples can touch an icon on the 
anatomic location to another . The OS and GUHI enable any GUHI and then modify the settings . For example , the 
sensor type to be used and integrated into the system by maximal displacement , velocity , rotation can be limited to 
providing the appropriate signal processing ( e . g . , signal specific values and type of signal processing being used 
conditioning , haptic rendering ) and allowing both automatic 25 denoted . The amplitude and / or frequency of the haptic effect 
and manual programming that is adaptive on the fly as one from the GUHI are proportionate to the programmed setting 
or more types of sensors are used to acquire data as input and / or sensor - acquired data . Once an icon is activated a 
into the haptic system . meter can appear on the right side of the screen with specific 
By way of example , during a single procedure , a guiding programmable values indicated ( box with dashed lines in 

catheter used for transeptal puncture can acquire blood 30 FIGS . 2 and 3 ) . Any type of microprocessor can be pro 
pressure data ( FIG . 3C ) and then the system can switch to grammed using the GUHI including but not limited to 
using force data ( FIG . 3D ) that tactually confirms tissue conventional microprocessors , integrated circuitry and field 
contact during delivery of radiofrequency energy about the programmable gate arrays . Communication of data can be 
pulmonary veins for atrial fibrillation ablation procedures . via any means including but not limited to Ethernet , USB , 
Both force and pressure data are displayed by the haptic 35 fiberoptic , wireless or Bluetooth telemetry . 
interface ( e . g . , haptic handle ) . In various embodiments , the The GUHI system , in one embodiment , is a vertically 
operating system may function with any contact or non - integrated system where one or more hardware and software 
contact sensor type and sensors may include those using subsystems are designed to function in unison and are 
ultrasound , impedance , and magnetic , electromagnetic , physically connected to one another , though wireless com 
radiographic , navigational systems as some examples . The 40 munication is within the scope and spirit of the invention . 
OS can define the type of sensor ( s ) being used based on the Modifications in hardware and software do not interfere with 
nature of the signal ( s ) input into the OS . Alternatively , and functionality and provide for easy upgrades in either or both 
additionally , the OS can define the type of sensor being used subsystems as they are detachable . 
and adjust system function ( e . g . , signal processing and An example of a GUHI Subsystem is shown in FIG . 4 and 
delivery of output signals to the respective actuators ) based 45 consists of a medical instrument such as a cardiac outer 
on the nature of the signal and / or anatomic location of the catheter 17 and sensor 16 that interconnects with a handle 15 
treating member of the inserted catheter / instrumentation as composed of a disposable outer shell 19 , as depicted in 
defined by signal properties or information obtained from FIGS . 4 and 5 . Components — 15 , 16 and 17 comprise 
non - contact sensors ( e . g . , navigational systems ) . For subsystem I . The outer shell 19 is a rigid or semi - rigid 
example , pressure waveforms differ from force waveforms 50 material such as urethane or urethane composite that pro 
and the type of signals input into the OS may vary ( e . g . , vides a scaffold support for the inner hardware ( Subsystem 
voltage , current ) depending on the type of sensor employed . II ) . The handle can be outfitted with a deflection mechanism 

In one embodiment , real - time sensed force ( FIG . 3D ) can 20 , as known by those experienced in the art such as a collar 
be displayed at the GUHI and / or generated at the haptic that controls the shape of the sensorized catheter . In some 
handle interface as force and / or motion data ( e . g . velocity , 55 embodiments , the handle 15 incorporates an inner conduit 
acceleration , displacement ) . Force and pressure can be dis - 25 that can house and guide placement of additional instru 
played using piezoactuators , as described below , that pro - mentation 30 which can include but is not limited to wires , 
vide force feedback to the palm of the user via a hand held inner catheters , medication delivery systems , energy deliv 
haptic interface ( haptic handle ) . Low frequency motion data ery systems , guide wires , stents , sensors and the like for 
can be displayed using linear servomotors with haptic ele - 60 positioning and introduction into a given anatomic location 
ments that impart tangible sensations to the user and high ( e . g . coronary artery ) . In another embodiment , the haptic 
frequency motion data with rotary motors with offset handle is constructed to provide haptic feedback and glide or 
weights that cause vibrotactile feedback . In another embodi - be positioned along the body of an inserted catheter that is 
ment sensed motion ( velocity , displacement , acceleration ) is part of a completely separate apparatus , such as an ablation 
displayed the GUHI and / or generated at the haptic handle 65 catheter . In this embodiment the operator might hold the 
interface as force and / or motion data . In still yet another haptic handle in his or her left hand and the ablation catheter 
embodiment , sensed strain is displayed at the GUHI and / or handle in their right hand and the ablation catheter courses 
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through a central or inner conduit within the haptic handle A subsystem comprised of the mechanics and electronics 
as illustrated in FIGS . 4 and 13 . needed to impart the desired haptic effect can be integrated 

Inner conduit 25 can be used as a means for attaching with other catheter based systems including the hand held 
components without haptic technology to a handle which portion of conventional catheters such as outer , inner , and 
imparts tangible sensations created within the handle to any 5 guiding catheters and more sophisticated technologies for 
components or parts such as a catheter , wire , etc that course controlling catheters for diagnostic and therapeutic proce 
through the inner conduit , thereby extending the haptic dures ( e . g . , robotic based ablation technologies , deflectable 
display to include such attached components in addition to catheter systems ) . The integration can be accomplished by 

the hand held handle portion . In this fashion , haptic effects physical contact with an inner or outer section , shell , 
are displayed in multiple locations ( e . g . hand held catheter mt 10 inserted components or any other attachment . In the 

example detailed herein , an inner tube houses all the needed in the left hand and hand held handle in the right hand ) . components for creating the desired haptic effects . Similarly , a miniaturized , microfabricated or nanotechno Any motors within this embodiment , as described in logically based haptic system 20h can be implemented as detail below , may interact with substance 50 , via electro 
part of the hand held portion of any catheter ( e . g . coronary 15 magnetic interaction . By way of example , linear motors that 
sinus guide catheter ) as shown in FIG . 4a . System 20h can have ferrous properties or are ferromagnetic can affect the 
also serve to deform , deflect or control one or more portions physical and haptic properties of substance 50 secondary to 
of such a catheter and functions as both an actuator and generated magnetic flux effects . Such haptic effects in sub 
haptic display . In FIG . 4a , it is integrated into the spring system I can be controlled in part or wholly based on 
based mechanism that enables placement of an inner cath - 20 analysis of sensor acquired data and be represented in the 
eter within an outer catheter by controlling the opening of a GUHI . Alternatively , such haptic effects are separately con 
diaphragm to prevents backbleeding and secures the inner trolled by the operator , for example , as to control the 
and outer catheter together . In one embodiment , 20h is a intensity of the haptic effect ( attenuate signal amplitudes ) . 
spring - loaded piezoactuator that provides haptic feedback Such a simple control can be represented in the GUHI as a 
and mechanical control of two interlocking catheters . Sensor 25 Boolean symbol or meter indicating if such an intensity 
16 can provide the sensor - acquired data that assists the control is on or off and what the value ( of attenuation ) of the 
operator during manipulation and positioning of catheter 17 affect is within a pre - specified range . 
for diagnostics and therapeutic interventions . In an alternate embodiment , the surface outer shell 19 is 

Referring to FIG . 5 is a longitudinal cross section of the in part or whole constructed of a haptic interface rather than 
comfort control haptic handle 15 that is designed to be 30 a rigid supporting structure . The interface can consist of one 
comfortable to hold . Conventional handles as understood by or more haptic technologies as known by those experienced 
those experienced in the art often have gripping portions that in the art . This includes but is not limited to actuators that 
impart flexibility and cushioning properties for comfort function using traveling wave vibrotactile actuators , circular 
purposes similar to that disclosed by Schultz et al in U . S . or linear resonators , haptic surfaces , piezoactuators , actua 
Pat . No . 7 , 770 , 262 , the disclosure of which is hereby incor - 35 tors that propagate lamb waves , and the like . This surface 
porated by reference except for any definitions or claims . In haptic interface can function via psychophysical haptic 
some embodiments , handle 15 preferably has interchange - rendering and recreate physiological data simulating real 
able inlays that consist of thermal plastic elastomer grips 35 , time biomechanical events as if the haptic surface were 
ductile composite polymer structures or other medium ( e . g . actual cardiac tissue or fluid or convey temperature and 
acoustically conductive ) , which effectively transmits and / or 40 texture information . In one mode , the surface haptic inter 
produces tangible sensations as a result of the motion of face simulates conditions and renders the user ' s hand or 
haptic elements contained inside the handle within subsys other anatomic structures ( e . g . , wrist , arm ) to feel like an 
tem II ( described below ) or haptic elements positioned actual inserted instrument and / or actual biological tissue . 
within and / or underneath grips 35 ( e . g . bender piezoactua - Visual and auditory inputs ( multimodal feedback ) can be 
tors , patch transducers constructed of piezoceramic foils 45 provided to augment haptic feedback ( e . g . , three dimen 
between conductive films ( black rectangles in FIG . 5 ) ) or s ional visual feedback , surround sound formats ) . 
from 35 itself . Windowed defects 40 in the scaffold support In still yet another embodiment , the haptic handle inter 
45 can be used to reduce attenuation from motion related to face is shaped with hourglass contours with an elastic 
the inner haptic elements rather than to minimize vibration membrane or other deformable material that contacts the 
as conventionally understood . These defects can be fabri - 50 palm and transmits tangible sensations from underlying 
cated using elastic , pliable thin elastomer that may range haptic elements / linear actuators , piezoactuators . Such a con 
between 0 . 5 and 5 mm in thickness or be devoid of any struct prevents the operator from exerting too much force 
material . In one embodiment of the invention , a viscoelastic upon the actuators and limits the affect of the operator on the 
or liquid substance 50 ( arrow ) is sealed and contained within motion of the haptic elements . By way of example , more 
one or more cavities 55 that extend along the inner circum - 55 rigid scaffold support is provided where the carpal - metacar 
ference of handle 15 . This substance can be multi - purpose pal junction lies and at the level of the intermediate phalan 
and either attenuate the inner haptic signals , serve to evenly ges thereby preventing compression of the underlying mem 
distribute or focus the signals , or provide additional haptic brane and haptic components . 
feedback . Substance 50 can be composed of an inactive In another embodiment , the subsystem may be composed 
substance or active smart material or fluid such as elec - 60 of an inner section ( FIG . 6 ) that can be inserted and removed 
trorheologic or magnetorheologic fluid . Variable current or from an inner chamber 60 centrally located within outer 
magnetic fields can be applied by the user to modify the subsystem I ( FIG . 5 ) . The former is re - usable and as it is 
properties of substance 50 enhancing the user ' s individual more costly would be considered capital equipment , while 
haptic experience . Alternatively or additionally , the user ' s the latter would be disposable as it is less expensive and in 
hand can be encompassed by the smart fluid / material or be 65 direct contact with body fluids and blood . This inner section 
within a haptic glove and tangible sensations are provided can be manufactured in a variety of shapes and sizes and 
about the entire hand or even the user ' s arm . with varying materials , though the inventor believes an inner 
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tube 65 composed of a rigid or semi - rigid shell mold ( e . g . in FIG . 8 ) . This relationship would be inverse as the higher 
rubber and / or urethane composite ) would be ideal for hous - velocity signals would have a shorter time delay between 
ing of inner actuators 70 and haptic elements as illustrated activation of motor 80A and motor 80B in FIG . 8 . Both the 
in FIG . 6 and FIG . 7 . The tube can have an inner diameter , velocity of the shaft of each motor and the time delay 
for example , between 30 - 40 mm and taper to a smaller 5 between activation of motor 80A and 80B will relate to the 
diameter in the front end as to ease insertion within 60 as sensor - acquired data . If two or more sensors ) are used to 
depicted in FIG . 7 . It can be securely and reversibly posi - obtain the sensor acquired data ( e . g . sensor A and B ) then 
tioned within 60 using a variety of mechanisms as known by each sensors ' signal would relate to the action of each 
those experienced in the art Inner actuators can include any representative motor ( motor 80A and 80B ) . The GUHI 
type of actuator including but not limited to rotary motors , 10 would represent this accordingly as illustrated in FIG . 9 
linear DC brushed or brushless motors , or other haptic where the velocity of motors 80A and 80B ( here represented 
actuators that are positioned upon or juxtaposed to the outer as circles for simplicity purposes ) reach their maximal levels 
surface of the handle providing the user with tangible 0 . 25 seconds apart . This value relates to tissue velocity and 
sensations . the location of the sensors and motors within the handle and 
By way of example , 70 is a DC brushless servomotor 80 15 does not require a calculation or delay constant as when only 

mm in length , that has an inner rod 72 that can extend 10 mm one sensor and two motors are utilized . Of note , the GUI or 
in either front or rear portions of the motor imparting a to GUHI can display both the sensor acquired data and the 
and fro tangible sensation either as a result of a direct effect action at the level of the haptic display ( both not depicted for 
on the housing of subsystem I or via a haptic element or sake of simplicity ) . In this way , the operator can correlate 
interaction of haptic elements found in subsystem I and II . 20 sensor acquired data and the action of the motors within the 
Motor 70 can be mounted on a shelf 75 of variable length haptic interface ( e . g . , handle ) with a visual format thereby 
( e . g . 180 mm ) within tube 65 . Shelf 75 can be coaxial within enabling the user to more closely correlate physiologically 
the central longitudinal axis of inner tube 65 or positioned detected signals with the user ' s tangible sensations ( multi 
obliquely as depicted in FIG . 6 . Multiple motors can be modal feedback ) . 
positioned at variable ( and programmable ) angles with 25 The benefit of having two sensors a distance apart and two 
respect to the longitudinal and radial orientation of the actuators can be appreciated by looking at FIG . 10 where the 
handle . Such positioning will provide the user with tangible curves on the top and bottom represent strain rate and strain . 
sensations representative of three dimensional motion and Strain rate is the spatial gradient of velocity . If sensors 100A 
force such as torque , rotation , strain , compression , dilatation and 100B are distance d apart and each is opposed to tissue 
etc . 30 having a different velocity , strain exists between these two 

The inner tube can have one or more projections that segments of tissue . Strain rate can be derived and integrated 
insert into the outer handle ' s housing as to stabilize the two to generate strain ( occurs in the OS as described below ) . 
subsystems physically and generate tangible sensations This strain information is then manifest as tangible sensa 
more effectively . This is depicted in FIG . 6a where inwardly tions in the handle by using actuators that , by way of 
directed projections 19p extend centrally toward the out - 35 example , can deform the contour of the handle or other 
wardly directed projections , 65p that are both deformable haptic display and impart strain to the user ' s tissue as if his 
and overlap to cause a brushing interaction that generates a or her hand were the anatomic tissue being sensed in real 
characteristic tangible sensation to the user holding the time . Both the sensor acquired data and tangible sensations 
handle . These projections can be composed of any combi - can be displayed using the GUHI where the ordinate repre 
nation of materials , urethane , rubber , silicon etc . and are 40 sents strain ( rather than velocity or displacement ) . Likewise , 
situated on a haptic element fixated to rod 72 . In this having more than one sensor and actuator will facilitate the 
rendition , the forward facing rod contains the projections communication of other mechanical properties such as tor 
while the rear - facing rod is just a counter weight to balance sion or dysynchronous motion patterns as seen in patients 
the system and ensure smooth and durable operation of the with cardiomyopathy and congestive heart failure . Being 
linear motor . 45 able to appreciate these physiological signals during proce 
More than one motor can be used and positioned in a dures will provide the operator with real time information 

variety of configurations such as with minimal overlap that has both diagnostic value and can direct treatment ( e . g . 
( dashed arrow in FIG . 6 ) or with an overlap over some optimally locating pacing leads in patients receiving resyn 
distance or a single motor can be used as in FIG . 7 . In one chronization pacing systems ) . 
mode of the invention , two or more motors in series are 50 Alternatively or additionally , actuators can be positioned 
positioned at different and controllable angles within an in a three dimensional arrangement and provide for a 
angled deformable handle ( FIG . 8 ) . The motors are mounted volumetric haptic display . By way of example , three linear 
upon shelves that can pivot , the angle able to be adjusted actuators are located circumferentially about the inner aspect 
manually or electronically ( FIG . 8a ) . The shape of the inner of the handle . Each of the three linear actuators is obliquely 
conduit of subsystem II would be manufactured accordingly . 55 positioned relative to the central longitudinal axis ( CLA ) of 
The orientation of the motors or other haptic actuator ( e . g . the handle and attached catheter ( e . g . 20 degrees ) , 120 
embedded , deformable piezoceramic foil ) , in this embodi - degrees apart from each other and drive one or more haptic 
ment is designed to impart tangible sensations that more elements similarly oriented in three dimensions ( FIG . 11a ) . 
effectively convey information related to larger segments of The sensors ( e . g . contact and / or non - contact ) such as piezo 
moving biological tissue . By way of example , strain infor - 60 electric type technologies , piezoactuators , ultrasonic sen 
mation and torsion can be tactually communicated to the sors , deformable tri - axial fiberoptic cables , magnetic , elec 
operator with such a design . The activation times of each of tromagnetic , resistive , capacitive , and impedance based 
two or more motors would be delayed based on the velocity sensing technologies , provide data representative of sensed 
of the sensor - acquired data from one or more sensors . If one signal vector ( e . g . force , impedance , resistance , magnetic , 
sensor is used to acquire motion data than the delay would 65 acceleration , etc . ) and which are processed to generate three 
be programmed based on a known relationship between the dimensional information displayed at the GUHI and / or 
sensor acquired data and actual tissue velocity ( graph insert generated at the haptic handle interfaces , recreating real time 
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events and providing the operator with information about the 203 ( e . g . in series ) that provide temporally relevant tactile 
location of sensed signals and catheter - tissue contact uni data to the user from sensors 301 - 303 as depicted in FIG . 12 . 
formity ( FIG . 11a bottom ) . Each sensor can generate respective impulses to each actua 

Co - registration of anatomic position using externally tor ( i . e . 201 to 301 ) or combinations of sensed events can be 
located navigational systems enables the user to detect 5 appreciated at different actuators based on signal processing 
gradients in sensed physiological events ( FIGS . 11b and techniques ( OS ) , the nature of sensed signals and actuator 
11c ) enabling the operator to determine anatomic location properties . A novel actuator can be positioned on the catheter 
( e . g . relationship between pulsatile blood flow originating using a haptic sleeve 201 that snugly fits around the body of 
from the left upper pulmonary vein ( PV ) and the fibrillatory the catheter ( FIG . 12a ) and has one or more conductors that 
motion of the left atrial appendage ( LAA ) ) . The combined 10 run isodiametrically along the outer perimeter of the catheter 
effect of these signals is apparent in FIG . 11b where the high to innervate the haptic sleeve and also acquire sensed data 
frequency signals associated with atrial arrhythmia fade from actuator 201 ( e . g . localization and distance from other 
away ( top to bottom ) and there is also overlap between actuators for calculation of timing of haptic signals relative 
pulmonary venous blood flow and LAA motion ( bottom ) as to other actuators , sensing operator motion / force upon cath 
the sensorized catheter approaches the pulmonary vein ( FIG . 15 eter for subtraction from sensor acquired data ) . The haptic 
11c top ) and ultimately just pulmonary venous blood flow is sleeve is fabricated in part or wholly with material that 
palpable ( FIG . 11c bottom ) . Thus , gradients in the amplitude provides a haptic response and can be also composed of 
and quality ( e . g . , temporal , frequency , spatial domains ) of sensing elements such as thin piezoelectric material ( e . g . , 
specific tangible sensations of physiological relevance pro - foil piezoactuators ) that detect user contact . By way of 
vide anatomic information with haptic feedback . 20 example , an electroactive polymer ( EAP ) composed of an 

This will be particularly useful during percutaneous and ionic polymer - metal composite or dielectric elastomer 
minimally invasive surgical procedures during delivery of formed from two flexible and elastic electrodes sandwiching 
left atrial appendage ( LAA ) occlusion devices that require a an electrically insulating elastomer is used for such an 
snug fit that safely obliterate the LAA . By way of example , application . EAPs and dielectric elastomer actuators ( Chiba 
haptic feedback can guide the positioning of the LAA 25 S et al . Electroactive Polymer “ Artificial Muscle ” Operable 
closure device after maneuvering the delivery catheters in Ultra - High Hydrostatic Pressure Environment . IEEE Sen 
system about the epicardial or endocardial space . In one sors Journal , Vol . 11 , no . 1 , January 2011 , p . 3 ) exhibit a 
embodiment , the sensor - acquired data is obtained from change in shape when electrically activated and can produce 
flexible piezoactuator wires ( as opposed to the polyester over 300 % strain effects . As this is the most proximally 
suture / suture delivery device seen in available LAA closure 30 located actuator ( relative to the patient ) it would be tempo 
devices such as the LARIAT Device ; SentreHEART , Inc . ) rally the first activated haptic element and can provide 
that can snare and permanently obliterate the LAA . Piezo - impulses of haptic feedback to accentuate fiducial events or 
actuator wire design is such that they the wires are flexible signals such as signals generated at the time of tissue contact 
and responsive to : deformation during positioning within the ( e . g . from the most distal sensor 301 ) and isovolumic 
thorax , body cavities , vasculature ; contact forces along 35 contraction . These haptic signals are ideally representative 
multiple points ; tissue motion ( e . g . LAA fibrillation ) ; and of true physical and physiological events ( recreated , non 
turbulent blood flow ( e . g . , flow between the LAA and LA , virtual ) rather than a surrogate or rendered signal . A haptic 
paravalvular leaks ) . Referring to FIG . 11d , the top arrow 152 sleeve can be utilized and fitted to be part of instrumentation 
is a firm yet flexible piezoactuator sensor material delivery used in any minimally invasive procedures such as laparo 
arm that is connected to a wire 154 with piezoactuator 40 scopic surgery tools , Da Vinci surgical arms and the like . 
properties ( middle arrow ) and bottom piezoactuator delivery FIG . 12b depicts such an application . Minimally invasive 
arm 156 all positioned using a deflectable sheath ( e . g . , 12 - 14 operative tools 180 and 360 contact moving and non - moving 
French ) 150 . Gradients in the quantity ( i . e . , amplitude ) and biological tissue , 1180 and 1360 , at times = t 180 msec and 
quality of haptic feedback are palpably appreciated as the t = 360 msec . The ordinate represents sensor acquired data 
contacted anatomic structures change ( e . g . , free epicardial 45 and thus , sensed haptic element velocity . By way of 
space - left atrium - LAA ) during device delivery and as the example , moving biological tissue 1360 is muscle ( e . g . , 
LAA is obliterated from within the epicardial space . In one skeletal , diaphragm , bladder ) that is contracting at a cycle 
embodiment , haptic interfaces can include a haptic glove length of 1000 msecs , and 1180 is nearby non - contractile 
where opposing fingers ( e . g . , thumb - pointer ) can be sur - tissue . The surface of the skin ( instrument entry point ) is 
rounded by similar piezoactuators as the snare wires and 50 represented by the dotted ellipse . The properties of the skin 
provide both actuation ( i . e . , control over the snare about the and intervening anatomic structures and dampening effects 
LAA ) and haptic feedback in a reciprocating fashion . By of 180 and 360 attenuate any tactile signals related to 1180 
way of example , each finger is representative of the two and 1360 and their interface with 180 and 360 . The hand 
delivery arms and in one embodiment there is piezoactuator held passive haptic interfaces 18 and 36 are used to manipu 
suture material that connects the two haptic fingers recreat - 55 late and control 180 and 360 , respectively and can be used 
ing the snaring of the LAA while recreating tangible sen - at the bedside , or in other embodiments , remotely or roboti 
sations due to tissue contact and tissue motion ( e . g . , FIGS . cally and thus can act as an active haptic interface in this 
116 - 11c ) . Knot tightening of the wire can be achieved with mode of the invention both in the sense of controlling the 
a tension - delivery device or other mechanism . Other mate actions of the inserted instrumentation and in one embodi 
rials / sensors can be used and are within the spirit and scope 60 ment , by having controls that can modify the user experience 
of this mode of the invention and the use of piezoactuators as a non - graphical user haptic interface or NGUHI ( FIG . 
is purely exemplary . 12c ) . 
Multiple sensors and actuators will be particularly ben - Surgical instruments 180 and 360 can be fitted with 

eficial and can also be realized in an additional embodiment , sensors of any type ( not depicted ) or be composed partially 
where enhancement of the user ' s tactile experience is pro - 65 or entirely of contact sensor material such as piezoelectric 
vided by generating tangible sensations to the catheter composites , wurzite crystal , nanotechnology based materials 
proper ( actuator 201 ) , in addition to other actuators 202 and such as Zinc Oxide composites , shape memory alloy , micro 
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fabricated sensors and / or function with non - contact sensor Any number or type of haptic interfaces that utilizes flat and 
localization technology such as three dimensional naviga deformable actuators ( e . g . stack piezoactuators ) can be 
tional systems known by those experienced in the art . utilized to provide tangible sensations including mecha 
Preferably , 180 and 360 are at least in part composed of one nisms for haptic rendering for the creation and recreation of 
or more deformable , malleable sensor materials ( e . g . , piezo - 5 the inertial and viscous forces ( mass and viscosity ) at the 
actuators ) that have material properties conducive to detect interface between human tissue and sensor . Such a design 
ing relevant physical and physiological signals . will serve to render the user ' s haptic experience in a novel 
On bottom of FIG . 12b , waveforms 180W and 360W fashion and create a virtual simulation of the operator ' s 

illustrate the workings of this invention . Waveform 180W hand , wrist etc as one or more segments of biological tissue , 
represents sensed events at time of tissue contact between 10 vasculature and / or the actual inserted instrumentation . 
180 and 1180 . 1180 is a non - moving biological tissue or The timing of sensed events at the sensors S1 - S3 and 
organ or anatomic structure being retracted ( e . g . , pericar - haptic events at the actuators A1 - A3 would be related or 
dium ) so that 360 can access 1360 ( e . g . heart ) to perform a proportionate . Optimally , the time of the initial sensed and 
therapeutic intervention . When 360 contacts 1360 , an initial haptic event will have no detectable delay ( e . g . time 
impulse ( dotted arrow ) is sensed and palpable at time of 15 of tissue contact ) . 
instrument - tissue contact and then cardiac tissue motion is Such sophisticated coordination between sensed and hap 
palpable . Mixed sensor technologies can be implemented tic signals will require a sophisticated operating system 
( contact and non - contact ) and gather information ( i . e . , sen - ( OS ) . Inert viscoelastic fluid , gel , or material and / or smart 
sor acquired data ) about cardiac tissue motion , forces at the material , smart fluids / gels can be implemented to help 
tissue - instrument interface etc . which is then displayed at 20 smooth and diffuse the actions occurring at discrete loca 
one or more haptic interfaces . By way of example , in FIG . tions ( serial actuators ) , optimize the haptic experience , pro 
12c , we see passive haptic interface 400 with haptic element , vide additional haptic effects or attenuate the amplitude of 
401 ( e . g . movable EAP haptic sleeve ) that is held by the actuator signals without affecting the quality of or data 
operator ' s left hand and directly or indirectly ( e . g . tele - contained within the haptic display . Any technologies can be 
robotically ) controls the inserted instrumentation . Non - 25 implemented to create the desired haptic effects and the 
graphical user haptic interface ( NGUHI ) 410 , is held with invention is not limited in scope or spirit to any specific type 
the operator ' s right hand and has haptic element 402 , rotary of haptic interface , actuator or haptic elements . The work 
motor 403 and linear actuator 420 , all of which provide ings of the invention can be combined with robotic systems 
tangible sensations to the user as well . NGUHI can have one that modify the user ' s actions and improve dexterous control 
or more controls that can modify the haptic experience while 30 of inserted instrumentation ( e . g . removal of tremor ) . 
the OS maintains the temporal relationships of fiducial Multi - Sensor Compatibility OS 
events such as time of tissue contact or time of isovolumic In various embodiments , the operating system is designed 
contraction . A separate GUHI 430 that functions with OS to be compatible with multiple technologies and a variety of 
and also provide for visual and / or haptic feedback can be applications . The OS operating environment will enable 
implemented as well . 35 clinicians to use a multitude of sensors and actuators from 
An additional and / or alternative means for transmitting different vendors and ensure quality control and an accurate 

tangible sensations to the catheter proper consists of a haptic temporal haptic representation of real time events . 
element that imparts vibratory / motion signals to the catheter Hardware is composed of actuators , motors , ERF , MRF 
via a conductive medium , smart material / fluid , piezoelectric and any equipment capable of generating a tangible sensa 
mechanism ( e . g . speaker ) , or other means ( FIG . 13 ) . By way 40 tion or haptic experience as well as associated microproces 
of example , an inverted speaker 601 is used to transmit sors , embedded systems and the like . OS also consists of 
vibratory signals to the catheter . Speaker 601 is configured application programs structured to integrate input data 
to house an inner catheter as it courses through the conduit acquired with different sensor technologies ( sensor acquired 
of the haptic handle leading and connecting with the central data ) , and multiple motion control systems , drivers and 
axis of Speaker 601 ( inset FIG . 13 , inverted speaker ) which 45 software used to control the actuators response ( output ) to 
also secures the inner and outer guiding catheter by having sensor acquired data and generate the Haptic Display Data 
elastic material properties that allow the catheter to slide to ( HDD ) . Control systems are used to correlate sensor - ac 
and fro but also be secured in position ( FIG . 14 ) with the quired data and HDD and fine tune the relationship ( e . g . 
appropriate coefficient of friction . In one embodiment , this linearity and temporal relationships between sensor 
provides a detachment mechanism to separate the handle 50 acquired data and HDD . This is communicated using the 
and internal actuators from the external guiding catheter and GUHI ( as stored data or in real time ) . Thus , the control 
inner conduit . In this mode of the invention , it would be systems serve to ensure that there is a faithful recreation of 
preferable for a first actuator A1 to be activated first and a the sensor acquired data at the level of the HDD ( true 
second actuator A2 ( rotary motor ) and a third actuator A3 passivity or transparency ) or alternatively , modify the user ' s 
( linear actuator ) to be activated in series thereafter to pro - 55 tangible sensations or haptic experience ( e . g . changes in 
vide a surround “ sound ” effect as illustrated in FIG . 12 - 14 signal amplitude , haptic rendering ) to suit the preference of 
( data acquired respectively from sensors 301 - 303 ) . Such a the user without affecting temporal relationships and at the 
haptic response will be ideal for recreating the sensation of same time maintaining linearity between sensed physiologi 
pulsatile blood flow . Implementation of a series or array of cal signals and haptically displayed events . 
bendable piezoactuators similar to those manufactured by 60 The relationship between the sensor acquired data and 
Physik Instrumente ( DuraAct patch ) may be utilized in HDD should not be temporally delayed . Thus , when haptic 
accordance with one embodiment . FIG . 12d , depicts a rendering techniques are applied , the timing of key changes 
specific construct of a series / array of bendable piezoactua - in position , impulses of motion and acceleration / decelera 
tors , Pzl - n , are arranged as to provide the all of the user ' s tion phases are maintained . By way of example , based on a 
fingers , palm ( thenar eminence ) and via a strap , the dorsal 65 user command at the GUHI , the operating system may 
aspect of the hand ( Pzh ) , with tangible sensations which will initiate a decrease in the amplitude of the haptic signals ( e . g . 
provide a hand held volumetric haptic display in real time . reduce degree of displacement , velocity and / or acceleration 
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of a linear DC servomotor relative to true displacement of In a preferable embodiment , fiducial events will have 
sensor ) for a specified time period ( e . g . to suit the needs of characteristic signals such as high frequency , high amplitude 
a particular user who is new to using embodiments of the waveforms of short duration . These can be identified in the 
invention ) . Reducing the amplitude of a linear motor ' s operating system as signature events and as such are never 
displacement , velocity and / or acceleration can do this , but 5 temporally modified ( e . g . , differentiated ) during signal pro 
timing is not altered and the time of palpation of the haptic cessing and can even be amplified or modified to have 
effect is maintained and related to signals from moving characteristic palpable signatures when displayed at the 
biological tissue . Likewise , force feedback displayed in the haptic interface . Examples of such physiological and physi 

cal events include time of tissue - catheter contact , time of haptic handle can be attenuated but force responses are 
linearly related to sensor acquired data ( e . g . velocity ) and 10 isovolumic myocardial contraction , peaks in pulmonary 

venous blood flow velocity , peaks in coronary sinus blood signal processing ( e . g . , admittance haptic interface ) cannot flow velocity . These signature haptic signals will serve to affect timing or signal quality . Likewise , when the sensor clearly notify the operator when they are proximate to acquired data is a velocity signal , acceleration signal or cardiac tissue , near the pulmonary venous os ( location of displacement signal , signal processing will not alter timing . 15 ter timing . 15 delivering ablative therapy ) , close to the coronary sinus os 
Control systems are implemented to monitor the system in ( location of delivering a pacing lead about the left ventricle ) . 
this regard . One or more of the actuators can display these haptic 

Another example of how the control system maintains signals . Labeling sensed events as fiducial events can be 
accuracy relates to using activation of ERF contained within done automatically by the operating system based on spe 
a sealed cavity about the perimeter of the HH for attenuation 20 cific signal characteristics , programmed by a user based on 
of haptic signals ( charged ERF will have greater viscosity template data acquired from one or more patients , or semi 
and decrease the amplitude of conducted vibrations ) . The automatically determined based on certain preset criteria 
temporal relationship between the sensor acquired data and that are default criteria or criteria entered by the user into the 
HDD is maintained , even if signal quality ( e . g . amplitude operating system . 
and frequency information ) is affected . Use of ERF may be 25 Referring to FIG . 16 , we see the workings of OS . Sensor 
desirable for some applications ( and simpler to implement ) signals ( e . g . displacement , velocity and / or acceleration ) 
rather than adjusting the scalar range of multiple indices from sensorized catheter , 705 , are input into 710 as sensor 
( velocity , acceleration , displacement ) . For example , a modi - acquired data , as well as force information ( F ) and auxiliary 
fication in time dependent position of a haptic element data ( AUX ) ( e . g . those acquired with ultrasound , acceler 
designed to create a tangible sensation ( e . g . displacement of 30 ometers , impedance data and auxiliary externally located 
a linear motor over a specified cardiac cycle length ) will equipment ( non - contact sensors ) such as three dimensional 
necessarily result in a change in velocity and acceleration , and four dimensional navigational systems known by those 
altering the accurate recreation of sensed signals , corrupting experienced in the art ) . Different application software will 
the acquired data and leading to a temporal offset of palpable be needed to process the sensor acquired data at 710 and 
events ( e . g . time of catheter tissue contact , time of isovolu - 35 generate the appropriate haptic representation or HDD . 
mic contraction ) . The control system provides for signal Processor 10 receives the signals from 710 and if needed 
processing as to eliminate data corruption regardless of performs AD conversion , amplification , PID algorithms , 
sensor types or actuators and the scope and spirit of the filtering , signal conditioning etc . Processor 10 is part of OS . 
invention is not limited to any specific type of hardware , OS automatically recognizes which sensor acquired data 
firmware or software . Thus in one embodiment , the OS 40 should be processed with the appropriate application soft 
implements sensors within the HDD that correlate event ware in real time and drives the appropriate motor control 
timing . By way of example , similar sensors ( e . g . piezoelec - lers / haptic actuators based on the characteristic properties of 
tric ) are present within the HH as at the sensor level specific sensor acquired data and / or user programming . 
( reciprocating ) . Quadrature and other encoders , hall sensors Microprocessors can be part of a CPU and / or embedded 
and the like can be used to monitor the relative position of 45 systems such as a field programmable gate array or FPGA , 
the sensors / actuator ' s haptic elements and ensure that a Xilinx , or as an integrated chip that can even be deployed 
linear temporal relationship exists at all times . In one mode within subsystem II . 
of the invention , the sensor ( s ) within the HH are similarly By way of example , different motors require different 
situated upon a catheter segment or other instrumentation drivers ( 11 in FIG . 16 ) , motor controllers ( 12 in FIG . 16 ) and 
with similar properties as the actual sensorized catheter and 50 encoders / analog hall sensors . Different sensors will require 
contained within a similar milieu , as to replicate the condi - different signal processing . Force sensing can implement 
tions at the level of the sensor . This will be more important software that implements an admittance haptic interface . 
if the user modifies the sensor acquired data signals dis - Motion sensing ( velocity , position , acceleration ) will require 
played properties significantly ( which is reflected by the a comprehensive development environment such as that 
delta sign rather than the equivalent sign in the GUHI ) . By 55 offered by National Instruments . Three - dimensional naviga 
way of example , the user may choose to integrate or tional systems work with different software programs that 
differentiate sensor - acquired data representative of tissue may be proprietary to particular manufacturers . OS is 
velocity in order to display ( e . g . haptically ) displacement or designed to function with different vendors and apply their 
acceleration , respectively ( FIG . 15 ) . Event timing is main - software and hardware to the acquisition of data represen 
tained by the OS . Additionally , the OS can use prediction 60 tative of single or multi - dimensional cardiac tissue physical 
algorithms and pre - emptive software , filtering techniques , properties and communicate this to the operator using a real 
interpolation of dropped signals , Runge - Kutta integration , time , non - virtual display ( e . g . haptic handle interface ) that is 
summation averaging , ensemble averaging and analysis of tailored to user preference without corrupting the temporal 
prior data loops , etc . , to compensate for lags in processing relationship between physiological events at the sensor side 
time or signal noise . Visual ( and haptic ) representations of 65 and the user ' s appreciation of generated tangible sensations 
temporal events with the GUHI also provide feedback to the at the haptic display ( e . g . Motor A in FIG . 16 ) . Likewise , the 
operator in this regard during any programming changes . OS can be applied to testing of various sensors and HDD in 
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the laboratory setting as illustrated in FIG . 17 where Motor catheter ; pharmacologic agents ; radiofrequency energy ; 
B is used to impart motion and force to a sensorized catheter electromagnetic energy ; cryotherapy ; thermal energy ; 
using a set of stored testing motion profiles . Comparisons acoustic energy ; ultrasonic energy ; electricity ; mechanical 
are made between Motor B and Motor A ( the haptic display force ; suture material ; ligature ; and surgical instrumentation . 
or haptic handle ) for quality assurance . Careful monitoring 5 VIII ) Where said elongate member of example I is able to 
of iterative technologies will be required to maintain quality be deformed or manipulated by a user inputting commands 
control . The foregoing text - based descriptions and scenarios at the active graphical user haptic interface or haptic handle 
are intended as illustrative and not limiting as to the various interface to control the location and position of the elongate 
implementations and configurations for the family of cardiac member . 
and organ support modalities taught herein and should be 10 IX ) Where said active graphical user haptic interface of 
considered as merely a partial illumination thereof . example I is in format of a heads up display located upon a 

radiopaque glass enclosure designed to shield the user from 
EXAMPLES ionizing radiation 

X ) Where said haptic handle interface of example I is 
The following examples are also intended as illustrative 15 composed of more than one element for imparting tangible 

and in no manner limiting as to the scope and breadth of the sensations to a user , where said tangible sensations provide 
foregoing description and the accompanying drawings to one or more sensations representative of a gradient in the 
those of skill in the art . quality or quantity of sensed signals in spatial , amplitude , 

I ) A user interface including : and frequency domains . 
a haptic handle interface ; as a hand held unit consisting of 20 XI ) Where said haptic handle interface providing for the 

at least one of : actuator , linear motor , rotary motor , tangible sensations in example VI is composed of a series / 
piezoactuator , piezoelectric foil , bender piezoactuator , array of bendable piezoactuators positioned in a specific 
smart fluid / material , electroactive polymer , or any fashion as to contact one or more digits of the hand , thenar 
means for providing tangible sensations which impart eminence of the palm , dorsal aspect of the hand / wrist or 
real time , adjustable tangible sensations to a user 25 other anatomic site . 
including but not limited to force , tactile , propriocep - XII ) Where said haptic handle interface of example I 
tive and kinesthetic feedback ; where the haptic handle includes one of a mobile haptic element in form of a sleeve 
interface is attachable and detachable to an elongate or separate haptic handle situated upon the elongated mem 
member fit with distally located contact sensor ( s ) and / ber , haptic transducer that imparts tangible sensations to the 
or functioning with non - contact sensors which acquire 30 elongated member . 
physical , physiological and / or anatomical data from XII ) Where said radiopaque glass enclosure of example 
biological tissue and ; IX ) is curved and positioned with an instrument cluster 

an active graphical user haptic interface that controls the containing one or more seats , controls and monitoring 
tangible sensations delivered by the passive haptic equipment along with passive and active user interfaces in a 
interface based on the user ' s commands input into the 35 user friendly design similar in lay out to the front two seats 
active graphical user haptic interface . of an automobile , where said passive haptic user interface is 

II ) The active graphical user haptic interface in example fit with one or more dexterous haptic glove ( s ) used to control 
I which provides for a touch sensitive screen that imparts the elongate member of example I . 
haptic effects of physiological significance to the user . XIII ) The elongate member of example I where it is 

III ) The active graphical user haptic interface in example 40 composed wholly or partially of sensor material including 
I implementing a graphical format such as icons and visual but not limited to piezoactuators , piezoelectric composite , 
indicators similar to that commonly seen with the notations wurzite crystal , zinc oxide nanosensors , or shape memory 
and symbols used with musical scores to convey temporal alloy . 
and frequency dependent information to the user in real time XIV ) The elongate member of example I where said 
or as stored data . 45 elongate member is instrumentation used as part of a tele 

IV ) Where said icons and visual indicators of the active robotically operated surgical system . 
graphical user interface in example III ) provide the user with XV ) The haptic handle interface of example I , where the 
an interactive tool for programming and adjusting the qual display is a hand - held handle structured such that the 
ity and quantity of the tangible sensations palpable at the components for creating haptic effects are protected from 
passive haptic interface via an operating system with pro - 50 excessive externally applied force from the user . 
grammable software / code . The invention claimed is : 

V ) Where said adjustable tangible sensations of example 1 . An operating system providing user customization of a 
I maintain real time temporal relationships to physical and haptic apparatus , comprising : 
physiological fiducial events detected by said sensors a computer processor operatively coupled to a non - tran 
regardless of programming changes made by the user . 55 sitory data storage medium containing instructions that 

VI ) An operating system that provides for real time when executed cause the computer processor to : 
automatic determination of how to process a spectrum of receive a series of continuous real time sensor acquired 
input signals from the contact and / or non - contact sensors of data from a catheter or surgical instrument , the data 
example I with the appropriate software applications / pro having a temporal relationship with sensed physiologi 
cessor ( s ) , and output data to the respective motor control - 60 cal , and physical events related to moving biological 
lers / drivers and actuators used for generating tangible sen organ , muscle , cardiac valve , vasculature tissue , or 
sations at the passive haptic interface . flowing blood ; process the sensor acquired data to 

VII ) Where said elongate member in example I is a create a plurality of processed signals ; output the 
catheter inserted into one of a body cavity , cardiac structure , plurality of processed signals to ; 
vascular structure . 65 hardware , configured to recreate tangible palpable sensa 

VII ) Where said elongate member in example I is used to tions representative of three dimensional motion via at 
deliver one or more of : an inner elongate member ; inner least one haptic apparatus ; and 
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a graphical user haptic interface configured in response to maintains a three dimensional spatial and temporal rela 
user customized programming ; and tionship to the sensor acquired data in real time ; 

modify the processed signals in real time based on the modifies the audio display of the sensor acquired data 
user customized programming received from the qualitatively and quantitatively and without alteration 
graphical user haptic interface without altering the 5 of the temporal relationship or three dimensional spa 
temporal relationship of the real time sensor acquired tial relationship . 
data and the sensed physiological and physical events 12 . The operating system of claim 1 , wherein the acquired 
while enabling adjustments to the tangible palpable data is based on measurements of at least one of : electro 

sensations recreated by the haptic apparatus that repli magnetic , magnetic , thermal , electric , ultrasonic , piezoelec 
cates sensed physiological , and physical events . 10 tric , piezotronic , capacitive , impedance , complex imped 

ance , admittance , resistive , strain , mechanical deformation , 2 . The operating system of claim 1 , wherein the user compliance , resistance , elasticity , tissue damage , positioning customized programming may alter the amplitude of tan or navigational system based sensors , contact and non gible palpable sensations recreated on the haptic apparatus . contact sensors . 3 . The operating system of claim 1 , wherein the user 15 13 . The operating system of claim 1 , wherein the graphi 
customized programming may alter the quality of tangible cal user haptic interface provides a graphical format similar 
palpable sensations recreated on the haptic apparatus . to a musical score which displays notations and symbols that 

4 . The operating system of claim 1 , wherein the user describe and communicate one or more of : 
customized programming may modify the tangible palpable haptic signals that replicate sensed physiological and 
sensations recreated by the haptic apparatus by modifying 20 physical events as if the haptic signals were occurring 
the properties of the processed signals by applying one or as a result of actual real time palpation of moving 
more algorithms during specific time frames to the baseline biological tissue , the action of the actuators , and sensor 
signal . acquired data in the frequency and time domains . 

5 . The operating system of claim 1 , wherein the user 14 . The operating system of claim 1 , wherein the data 
customized programming may modify the tangible palpable 25 having a temporal relationship with sensed physiological 
sensations recreated by the haptic apparatus by modifying and physical events is representative of different kinds of 
properties of the processed signals by adjusting the position biological tissues . 
of one or more actuators or haptic elements of the haptic 15 . The operating system of claim 14 , wherein the plu 
apparatus . rality of processed signals that are created provide realistic 

6 . The operating system of claim 1 , wherein the operating 30 feel haptic feedback indicative of the different kinds of 
system is automatically programmable in real time based on biological tissues . 
type of sensor acquired data . 16 . The operating system of claim 15 , wherein the graphi 

7 . The operating system of claim 1 wherein the sensor cal user haptic interface enables manual or automatic control 
acquired data provided includes temporal and spatial infor - over the processed signals according to operator preference 
mation regarding a real time location of a catheter or medical 35 and procedure type . 
instrument . 17 . The operating system of claim 1 , wherein the series of 

8 . The operating system of claim 1 , wherein the sensor continuous real time sensor acquired data is obtained during 
acquired data includes at least one of : force , strain , strain a transeptal puncture procedure . 
rate , tissue displacement , velocity , acceleration , pressure , 18 . A method for operating a system including a haptic 
blood pressure , blood flow , blood flow velocity , blood flow 40 apparatus that generates palpable sensations based on haptic 
acceleration , blood flow laminarity or turbulence , contact or signals that feel as if the sensations are occurring as a result 
non - contact sensor data , measurements of electrical or of actual real time palpation of moving biological tissue , an 
mechanical dysynchrony , torsion , and rotation . elongate medical device with sensorized distal end , and a 

9 . The operating system of claim 1 , wherein the sensor graphical user haptic interlace , comprising : 
acquired data is obtained during at least one of the following 45 receiving a series of continuous sensor acquired data with 
cardiovascular procedures : transeptal puncture , ablation the elongate medical device , the data having a temporal 
procedures , left atrial appendage closure , delivery and relationship with associated physiological and physical 
extraction of pacing and defibrillation electrodes and leads , events related to moving biological organ , muscle , 
repair and replacement of cardiac valves and tissue , delivery cardiac valve , vasculature tissue , or flowing blood ; 
of therapeutic cardiac devices , and delivery of vascular 50 processing the sensor acquired data to create a plurality of 
devices . processed signals ; 

10 . The operating system of claim 1 , wherein the sensor outputting the plurality of processed signals to : 
acquired data is displayed on the graphical user haptic hardware that communicates recreated realistic tan 
interface in conjunction with a surround sound audio display gible palpable sensations representative of three 
that generates sound replicating sensed physiological and 55 dimensional motion to an operator via one or more 
physical events emanating from moving biological tissue , as haptic apparatus ; and 
audible sensations occurring as a result of the elongate a graphical user haptic interface ; and 
medical device ' s sensorized distal end sensing actual real implementing customized programming changes received 
time compression and rarefaction events emanating from from the graphical user haptic interlace that do not alter 
moving biological tissue and presenting this as an audible 60 the temporal relationship of sensor acquired data and 
field to the operator in three dimensional space thereby associated physiological and physical events . 
providing a perception that the operator is hearing sound as 19 . A method for operating a system including a haptic 
if from near or within the moving biological tissue . apparatus with a user customizable graphical user interface 

11 . The operating system of claim 10 , wherein the sur coupled to an elongate member , comprising : 
round sound audio display : 65 obtaining a series of continuous sensor data from distally 

generates sounds that correlate with frequency and ampli located sensors on the elongate member , the data 
tude information sensed ; having a temporal relationship with associated physi 

nc 
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ological and physical events related to moving biologi acquire a series of continuous data from moving bio 
cal organ , muscle , cardiac valve , vasculature tissue , or logical organ , muscle , cardiac valve , vasculature tissue , 
lowing blood ; or flowing blood , the data having a temporal relation 

utilizing the sensor data to provide a haptic recreation of ship with associated physiological and physical events 
sensed information with a haptic apparatus ; related to moving biological organ , muscle , cardiac 

using a graphical user interface to customize palpable valve , vasculature tissue , or flowing blood , the haptic 
sensations representative of three dimensional motion apparatus including at least one component providing 
generated by the haptic apparatus that replicate sensed real time tangible sensations representative of three 
physiological and physical events as if haptic signals dimensional motion that supply haptic recreations of 
were occurring as a result of actual realtime palpation 10 physical , physiological , and anatomical data that rep 
of moving biological tissue by permitting adjustment to licate sensed physiological and physical events as if 
one or more of the : amplitude of the tangible sensa haptic signals were occurring as a result of actual real 
tions ; quality of the tangible sensations ; and subjective time palpation of moving biological tissue ; and 
haptic preferences of a user ; without altering the tem a graphical user haptic interface that permits user cus 
poral relationship of the sensor data with associated 13 tomization of the real time tangible sensations of the 
physiological and physical events . haptic apparatus without altering the temporal relation 

20 . A user interface , comprising : ship of the sensor data with associated physiological 
a haptic apparatus , that is configured to couple with an and physical events . 

elongate member having distally located sensors which * * * * * 


